and that light stimulates the translocation of transducin subunits to these rafts ( Figure 1C) . Here, we demonstrate that key molecules involved in photoreceptor recovery are also associated with the raft. Almost the entire pool of guanylate cyclase resides in the DRM, Figure 1B) . Only 10%-20% of RGS9-1-G␤5L is associated with the DRM in the dark, Miami, Florida 33136 but upon illumination, most of the dimer is recruited to this fraction ( Figures 1C and 1D ). This behavior is similar to that of transducin ( Figure 1C) ; however, in contrast Summary to transducin, of which only 15%-40% translocates to DRM, 80%-100% of RGS9-1-G␤5L moves to the DRM Many lines of evidence show that membranes contain fraction ( Figures 1C and 1D ). Arrestin, a protein that microdomains, "lipid rafts", that are different from the binds phosphorylated rhodopsin and blocks the rhorest of the membrane in specific lipid and protein comdopsin-Gt interaction, shows a striking difference in the position [1]. In several biological systems, they were behavior of its two splice variants with respect to raft shown to be necessary for trafficking and signal transassociation. The shorter p44 form is found in both raft duction. Here, we investigate if lipid rafts have a role and nonraft fractions in the dark but undergoes a 100% in the regulation of the G protein-mediated pathway untranslocation to the raft upon illumination. In contrast, derlying vertebrate phototransduction. Photoreceptor the longer p48 form resides outside the raft both in light membranes contain detergent-resistant membrane and dark ( Figure 1E ). Earlier studies showed that, in (DRM) rafts. Rhodopsin and cGMP phosphodiesterase contrast to p48, p44 can bind nonphosphorylated rhoare found in raft and nonraft portions of the membrane; dopsin, albeit with low affinity [3], which, along with our guanylate cyclase is found exclusively in the raft. Disdata, indicates that p48 and p44 might have different tribution of these proteins does not change in the light roles. The diverse behavior of these nearly identical proor dark. In contrast, the G protein transducin, the teins upon fractionation is a vivid illustration of the exis-RGS9-1-G␤5L complex, and the p44 isoform of arrestin tence of two distinct subdomains in the photoreceptor undergo dramatic translocation to the raft upon illumimembranes.
Ϫ
4 causes both proteins to move to the raft dent manner. We next investigated the mechanisms of in the dark. This shows that the G␣t-RGS9-1-G␤5L translocation and its potential functional role. complex has the highest affinity to rafts in the transition state of the GTPase. GTP␥S binds to transducin at a significantly slower rate in the raft, indicating that Dependence of Transducin and RGS9-1-G␤5L this translocation results in a reduced rhodopsinAssociation with the Raft on the G Protein Cycle transducin coupling. Thus, an external signal can rePertussis toxin inhibited the shift of transducin and arrange components of a G protein pathway in specific RGS9-1-G␤5L to the rafts in light (Figure 2A ). Because domains of the cell membrane, changing its signaling pertussis toxin uncouples G proteins from their cognate properties. These findings could reveal a novel mechareceptors, this indicated that this translocation requires nism utilized by the cells for regulation of G proteineither the transducin-rhodopsin interaction or transmediated signal transduction.
ducin activation [4] . We hence tested the effect of the G protein activator GTP␥S and found that it blocked Results and Discussion the light-mediated recruitment of transducin to the rafts ( Figure 2B ). GTP␥S also prevented translocation of Detergent-Resistant Membrane Rafts
RGS9-1-G␤5L, showing that activation of the G protein in Photoreceptors
is not sufficient to cause translocation of the RGS (reguPhotoreceptor outer segments (OS) contain detergentlator of G protein signaling) complex. Furthermore, this resistant membranes (DRM) that are buoyant on sucrose shows that the fully activated form of transducin stays density gradients, and are detectable as a distinct ring outside the raft. In sharp contrast to the effect of GTP␥S, floating up to the interface between the 5% and 30% activation of transducin with aluminum fluoride (AMF) sucrose. We found that photoreceptor DRM contain cadid not prevent translocation of RGS9-1 and transducin veolin-1 ( Figure 1A) , suggesting the presence of caveoin light, but, to the contrary, promoted their translocation lae-like structures in OS. In accord with Seno et al. [2] , in the dark ( Figure 2E ). AMF can act in the dark because who also recently detected DRM in OS, we found that it does not require transducin interaction with activated rhodopsin is present in both the raft and nonraft fraction rhodopsin, which is necessary for GDP dissociation [5] . Although AMF is similar to nonhydrolizable GTP analogs in causing effector activation by G proteins, in the pres- ence of AMF and GDP, G␣ has a conformation different however, we find a significant pool of PDE␥ to be constitutively associated with the DRM ( Figure 2E ). from the fully active GTP-bound form. Instead, it resembles the transition state of the GTPase when the phosTo answer the question of whether RGS9-1-G␤5L requires transducin to stay in the raft, we first promoted phodiester bond at the third phosphate of GTP is about to break. RGS proteins stimulate the GTP hydrolysis translocation of RGS9-1-G␤5L and Gt to the raft by exposing OS to light, and then added GTP␥S. Whereas by stabilizing this transition state and have the highest affinity to G␣ in this conformation [6] [7] [8] . Therefore, our the bulk of transducin could be eluted from the raft, all of the associated RGS9-1 remained in the raft (Figure experiments strongly suggest that, in this conformation, the G␣t-RGS9-1-G␤5L complex has a particularly high 2C). This shows that, while transducin is necessary for RGS9-1 translocation, once RGS9-1 reaches the raft, it affinity for the raft. Figure 2E ). This is consistent with the previous finding by Linder and coland 1D). Based on our findings, we contemplate the following leagues that G␤␥ does not bind to lipid rafts reconstituted in liposomes [9] . The apparent reason is that G␥ sequence of events leading to the translocation of phototransduction proteins to the rafts. Light-mediated actisubunits are modified by prenyl residues, which contain unsaturated bonds, whereas G␣ are modified by myrisvation of G␣t is followed by attainment of the transition state by G␣t, which binds to RGS9-1-G␤5L, and this toyl and palmitoyl alkyl chains that are saturated and fit better into the densely packed lipid rafts. PDE␥ also complex moves to the raft. This translocation should occur very rapidly, on a time scale comparable to that did not translocate to the DRM in response to AMF; of GTP hydrolysis. Upon reaching the raft, GTP hydrolyylation is not required for these events (Figures 3D and  3E ). The role of RGS9-1 phosphorylation has just begun sis is complete, and G␤␥ is recruited by the GDP-bound G␣t. The reformed transducin heterotrimer is ready to to be investigated and remains to be understood [13, 14]. Here, we show that there is a dramatic difference in enter another activation cycle, which can cause its departure from the membrane. RGS9-1-G␤5L stays in the the subcellular localization between RGS9-1 phosphate and its dephosphorylated form. The cause and effect raft; currently available information does not allow us to conclude as to how it is attached and if or how it can relationship will need to be elucidated, but we can anticipate a differential localization for its kinase and/or phosreturn to the nonraft portion of the membrane. Since PDE␥ has affinity for the transition state of transducin, phatase in the raft. and a portion of PDE is associated with raft, it could potentially act as an anchor to recruit the RGS9-1 comReduced Rhodopsin-Transducin Coupling plex [8, 10] . We can also speculate that RGS9-1 is anin the Rafts chored to the raft via another molecule, for example, To begin answering how light-dependent translocation guanylate cyclase, which is permanently raft associated of G␣t and other proteins to rafts affects signal transduc-( Figure 1B) and is reported to bind RGS9-1 [11, 12] . tion, we compared the rate of [
In the presence of AMF, the G␤␥ complex of transstays there independently of the G protein. This notion is supported by the fact that 10%-20% of RGS9-1-G␤5L ducin (detected with anti-G␤1 antibodies) does not translocate to the DRM fraction, indicating that G␤␥ is found in the DRM even in dark-adapted OS when there is no transducin in the raft fraction (Figures 1C requires G␣t for raft association (

S]GTP␥S binding by Another possibility is that RGS9-1 phosphorylation [13,
G␣t in isolated DRMs to that in whole OS membranes. 14] plays a role in its association with rafts. Figure 4A shows that, in the DRM, kinetics of [ branes with urea, salts, and high and low pH does not G␣t was bound to GTP␥S, as this fraction contained the characteristic 34-kDa trypsin-resistant fragment. In reduce rhodopsin coupling with purified transducin upon their reconstitution. Compared to urea, which contrast, the 34-kDa band was not detected in the rafts. Therefore, G␣t that remains present in the raft after the strips OS of peripheral proteins, the preparation of DRM appears to be a mild procedure, as it does not lead to addition of GTP␥S exists there in the GDP-bound form, indicating a slow GDP-GTP exchange rate. In the second the loss of such loosely associated molecules as arrestin and PDE␥. Thus, it seems unlikely that the striking differapproach, we took advantage of the fact that GTP␥S binding to transducin leads to its detachment from OS ence between the GTP␥S binding kinetics in DRMs and whole membranes is an artifact of DRM preparation. In membranes (Figures 4C and 4D) . If GTP␥S is added before illumination, transducin becomes soluble quickly order to rule out the possibility of nonspecific effects of this procedure, we used two additional approaches in and does not move to the rafts at all ( Figure 2B ). If transducin is first given the time to move to the raft upon which the detergent treatment and fractionation were carried out after the OS were exposed to light and illumination, the solubilizing effect of GTP␥S added later is dramatically slower and is not complete even after 1 treated with GTP␥S ( Figures 4B and 4C) . In the first approach, GTP␥S binding was assessed using limited hr ( Figures 4C and 4D) . In contrast, in whole membranes, the release of transducin by GTP␥S is complete within proteolysis of G␣t with trypsin ( Figure 4B ). Trypsin is known to digest G␣t into small fragments when it is in 1 min (see the Supplementary Material available with this article online). the GDP-bound form, but it produces a stable 34-kDa fragment if G␣t is bound to GTP␥S. Based on the fact
The exact mechanism resulting in the slow GDP-GTP exchange in rafts is currently unclear and needs to be that G␣t is released from the rafts by GTP␥S ( Figure  2B 
